The article demonstrates how rings disc of Saturn was created after appearance of the planetary magnetic field from superconducting iced particles of the protoplanetary cloud moving around planet by chaotic orbits. It is based on the fact that Saturn has magnetic field and the temperature of its vicinity is low enough to have superconductivity. Electromagnetic simulation estimates time of rings disc formation with the thickness about few meters from a few thousand years up to few tens of thousands of years. A rings disk has a stable structure located within magnetic equator of Saturn due to quantum locking of the particles by planetary magnetic field. Also may happened contribution to the rings disc from the debris of the moons migrated inward towards Saturn and particles of the frozen water coming from the geyser of the geologically active satellite (as Enceladus contributed to the E-ring). Suggested mechanism of the rings formation works even in case where only a small fraction of the particles poses superconductivity. Presented electromagnetic modeling of the role of superconducting iced particles of the rings disc origin, dynamics and evolution allow us to enrich the classical theories based on gravitational, mechanical, magnetohydrodynamic and plasma interactions.
the same physical phenomenon in order explain many experimentally observed effects in the rings. There was no yet clear explanation why and how chaotic orbits of the particles rotating around Saturn coming to the equator rings disk and holding inside of it for a long time. There was no yet even one theory allow us to calculate and estimate thickness of the rings disk and time of the rings disk formation from the iced particles of the protoplanetary cloud.
An interesting idea of the rings formation comes from the similarity of the picture of the Saturn rings to the picture when iron particles creates dense and rarefied regions in a nonuniform magnetic field near by the magnet on laboratory table (please, see Figure 1 ).
The question is how we can get such a good looking structure for the rings of Saturn located within equator plane from the situation when iced particles moving around Saturn by chaotic orbits within protoplanetary cloud.
Recently, Cassini mission has demonstrated that the rings consist of pure ice, 93% with some carbon matter impurities, 7%
(https://www.nasa.gov/mission_pages/cassini/media/cassini-090204.html). The temperature in the area of the rings is about 70-110 K. That's why superconducting substance may be possible in space behind the belt of asteroids. It is demonstrated in [11] - [35] that rings disc is result of interaction of superconducting carbon doped ice particles of the protoplanetary cloud with the nonuniform V. V. Tchernyi [38] . Surprisingly, assuming superconductivity of the Saturn rings matter, many difficulties of the rings origin can find a simple explanation: -origin, evolution, and dynamics of the rings; -considerable flattening and the sharp edges of the ring system; -why particles of the rings are separated; -formation of "spokes" in the ring B; -high radio-wave reflectivity and low brightness of the rings; -anomalous reflection of circularly polarized microwaves; -spectral anomalies of thermal radiation of the rings; -why planetary rings in the solar system appear only after asteroid belt; -why the Earth has no rings.
Quantum Phenomena of Superconductor Related to the Saturn Rings Origin
Ice is complicated matter. There is no enough knowledge about space ice. But as we can see it below an important fact is that even small amount superconducting matter may hold more than 70,000 times its own weight [39] . The experimental set up of how high temperature superconductivity is working in laboratory B.
Almog presented in Chicago at the ASTC Conference in 2011 (G. Deutscher et al., [39] ). It is based on the discovery of a fluxon by A. Abrikosov (Abrikosov vortex) and research of A. Tonomura, Hitachi [40] [41] who for the first time demonstrated quantum nature of superconductivity using the electronic microscope with high resolution. It was demonstrated experimentally that superconductivity has quantum nature and the magnetic field is quantized inside the superconductor. Let's discuss result of [39] [40] and [41] . In some situation magnetic fields lines strands of the magnetic field remain inside superconductor, it gets trapped inside superconductor (Figure 2 ).
Because interaction of superconductor with external magnetic field is a quantum physical phenomenon the magnetic field inside superconductor behaves like a quantum particle, like a quantum object [39] [40] and [41] . And as a fact magnetic field is magnetized inside superconductor (please, see it on Figure 3) . Some of the flux line becomes to be pin, and they never could take move. The reason for that is that superconductor doesn't like magnetic field lines moving around. What it actually does, it locks them in place. By doing that, it blocks itself.
Why it so? Under the low temperature some of magnetic lines will be expelled outside of the sample of superconductor because of Meissner phenomenon, and at the same time some of them will remain inside the sample and superconductor locks this magnetic field flux lines inside itself (please, see Figure 4 Magnetic field is magnetized inside superconductor. Some of the flux line becomes to be pin, they don't move [39] [40] . This type superconductor allows only partial expulsion of a magnetic field. The volume of it is permeated with a kind of strands inside, also known as "Abrikosov vortices" [41] , where the superconductor becomes a normal conductor. The action of "locking" prevents the disc from the moving in space. It is quantum locking, quantum levitation.
The biggest part of the sample of matter in experimental demonstration [39] is not a superconductor ( Figure 5 ). Superconductor is only small part of the sample. At the same time it was shown that the thin superconductor is able to hold more than 70,000 times of its weight. So, it means that we do have a very strong phenomenon of the quantum locking of the superconductor.
In case of Saturn rings we do have situation which looks similar to the case demonstrated above on the bases of research has been done by G. Deutscher, M.
Azoulay, B. Almog, and B. Deutscher [39] . The rings particles contain 93% of ice and only 7% of carbon. So, it means that even if ice of the rings particles is not completely superconducting but phenomenon of superconductivity will be responsible for the rings disk formation due to contains only 7% of carbon. And consequently superconducting rings iced particles will be strong enough trapped into the magnetic equator plane by the Saturn magnetic field due to phenomena of quantum locking and quantum levitation. The rings disk will be suppressed by the magnetic pressure from both sides along the z axis. netic field and all the particles become to be involved in an additional azimuth-orbital motion. We try to estimate the result of this motion. We will follow Figure 5 . The sample of matter used for the demonstration [39] . The biggest part of the sample of material in experimental demonstration of is not a superconductor. 
Electromagnetic Simulation of the Origin of the Rings Disc of Saturn
Here b is the value for the uniform magnetic field inside the particle:
For a superconductor, we get 1
So, finally an effective magnetic dipole moment is given
The potential energy of a magnetic dipole m is U = −mB . For a rigid dipole, the force then is ( ) = ∇ F m B, then we obtain
In a simplified version, a magnetic moment for the particle in CGS units is
We place the origin of the coordinates at the center of a planet, and the z axis direct along the magnetic moment of a planet (orthogonal to equator [35] . It means that eventually particle during an interaction with magnetic field of planet tries to get position within magnetic equator plane and then it continues move around Saturn within the rings disk in accordance with Kepler's Law. Now going to spherical coordinates we get
The Newton equation of motion is then
In order to do calculations we take follow values for parameters: at equator 60268 km Eventually, calculations give us time for particle to change the orbit to move into magnetic equator plane due to additional magnetic force of Meissner phenomenon is from a few thousand years up to few tens of thousands of years. So, during this time the additional magnetic force will modify significantly the orbit of the particle.
To get thickness of the rings sombrero we consider a superconducting rings disc around a planet and evaluate a magnetic field around. Estimation of the sombrero rings thickness gives us about 10 meters. This result is coincident with experimental data.
Discussion of Some Detail Related to the Estimation of the Rings Disc Time Formation
For a more correct estimation of the time formation of the rings disk other important factors should be taken into account. It is clear particle's trajectory under influence of Meissner phenomenon in the azimuth-orbital direction may be disturbed due to additional magnetic force because magnetic field of Saturn is nonuniform. It may increase the orbit of particle and time to come to magnetic equator plane will be even more. Also, we made simulation for one particle.
However, there is a significant amount of particles filling the protoplanetary cloud, and collisions between particles during the process of formation of the Saturn rings will increase their azimuth-orbital movements, and the time for particles to come together within magnetic equator plane will be much larger.
It's important to remember that orbital resonances, moons and the ring particles as well as mechanical, plasma and magnetohydrodynamic interactions can [35] . And these factors also may contribute to the time of the considering process of the dynamic and evolution of the initial origin of existing structure of the Saturn rings.
Also there is probability for some other mechanism to participate in the process of dynamic and evolution of the rings disk. During the time a contribution may happen to the matter of the rings disc of the particles from the debris of the moon migrated inward towards Saturn [2] [3] . Also, another situation may happen when particles of the frozen water coming from the geyser of the geologically active satellite go to the rings disc due to magnetic coupling between Saturn and its sputnik ( Figure 6 ).
An important discovery was made in 2005. The Cassini spacecraft started multiple close flybys of Enceladus, revealing its surface and environment in greater detail. In particular, Cassini discovered water-rich plumes venting from the south polar region [42] . Cryovolcanoes near the south pole shoot geyser-like jets of water vapor up to 500 km, molecular hydrogen, other volatiles, and solid material, including sodium chloride crystals and ice particles, into space, totaling about 200 kg (440 lb) per second [43] . Over 100 geysers have been identified [44] .
Some of the water vapor falls back as "snow"; the rest escapes, and supplies most of the material making up Saturn's E ring [45] [46] (Figure 7 ). The intensity of the geysers of Enceladus depends on how close or far the satellite is from Saturn [47] .
Certainly process of supplying particles to the rings disc from the geyser of the satellite of Saturn could not continue forever. It works only during the time of the geological activity of the satellite. It may happen at any moment of the long time existence of the Saturn system. This conclusion compels us to refer to the At the same time, following last two facts we can conclude that it does not mean that most of the rings disc particles are not relicts of the earliest day of Saturn system formation. The best description of the situation with the ring origin and age is given by the title of the paper written by P. Estrada, R. H. Durisen and J.N. Cuzzi: "After the Cassini grand finale, is there a final consensus on ring origin and age?" [50] All experimental data of Cassini we discussed above it is confirmation that most particles of the Saturn rings are relicts of the earliest day of Saturn system formation. Certainly, the ring we see today is not the same completely at the beginning of it appearance. Formation of the rings disc it is not a one-off event.
The process of existence of the rings disk has a long history started from it dynamics of the initial origin from the particles of the protoplanetary cloud and it continuing up today. The Saturn system might go through cycles of moons and rings and data from Cassini spacecraft show that the gas giant didn't always have its iconic icy band [49] .
Conclusions
Recently, we coined the hypotheses that the ice matter of the Saturn rings par- At the same time, due to a long time existence of the Saturn rings, the other processes also need to be considered which could contribute to the dynamics and evolution of the rings disk. It is necessary to underline that some other sudden event like moon coming to the Saturn and becoming to be destroyed to the debris or water eruption by the geyser of the satellite of Saturn, all of them could contribute to the dynamic and evolution of the existing structure of the rings disc matter. For example, some of the water vapor by the geyser of Enceladus falls back as "snow"; the rest escapes, and supplies most of the material making up Saturn's E ring. We can imagine the same situation could happen earlier with another satellite and B ring.
It is interesting feature that suggested mechanism of the initial formation of the rings due to electromagnetic interaction works even in case when only small fraction of the iced particles poses superconductivity. This conclusion is based on result of laboratory experiment when the small scale frozen superconductor located on the big enough size of substrate is trapped in the surrounding magnetic field and it is able to hold much more times its weight. Magnetic field is magnetized inside the superconductor. Some of the flux line becomes to be pin, they don't move. And superconductor blocks itself within magnetic field. It happened because superconductivity has quantum nature.
In fact, orbital resonances between satellites, moons and ring particles play an important role in forming a specific structure of the rings system gaps and enhancing the influence of the satellites as well as the gravitational, mechanical, magnetohydrodynamic, dusty plasma and gas-plasma, interactions.
It is a pleasing surprise, how many features of the Saturn rings our model can explain. If applied to other systems, it has the potential to enrich our understanding of the space natural laboratory in general.
